Coronary arteriographic results are reported in 1535 black patients: 751 men (mean age 57 & 11) and 784 women (mean age 59 f 11). Among the black men 19%, 15%, 21%, and 4% had single-, double-, and triple-vessel and left main disease, respectively. Among the black women there were 12%, lo%, 15%, and 3% with similar involvement. Logistic regression models showed that most of the recognized risk factors were positively correlated with significant (at least one artery with ~50% stenosis) coronary disease, but a history of hypertension was not a significant independent predictor in either sex. ECG evidence of previous infarction increased the odds of detecting significant coronary disease by the greatest amount when controlling for other significant risk markers in women. In men both previous infarction and atypical pain (negative) were equally important. This study confirms but does not explain previous reports that have revealed less than expected angiographic evidence of significant coronary artery disease in black compared with white persons. (AM 
Before the widespread availability of coronary arteriography, black persons were thought to have a very low incidence of angina pectoris or coronary artery disease.l Case-control studies of coronary angiography have consistently shown that the black population in the United States has a lower prevalence of detectable coronary artery disease than what is usually found in white persons.2'8 These angiographic findings seem to be inconsistent with the now generally accepted view that the coronary artery disease mortality rate is nearly equal in black and white men and is increased in black women as compared with white women.g, lo This inconsistency exists despite the presence of significant risk factors in blacks.ll This apparent contradiction may be the result of various categories of case selection bias as discussed by Pearson.12 The most pertinent in this setting is "prevalence-incidence" bias, possibly because of higher death rates for ischemic heart disease occurring outside of the hospital.13-l5 Cooper and Simmons16 also provide convincing evidence based on epidemiologic and hospital discharge data that excessive noncoronary artery disease deaths in blacks are linked to hypertension and this phenomenon provides one mechanism by which blacks are omitted from at-risk populations referred for coronary angiography. "Detection-signal" bias12 may also be triggered by the association of hypertension with chest pain syndromes,17, l8 independent of stenotic epicardial coronary artery disease. There are other possible sources of sample bias in comparisons of black and white populations; for example, several reports suggest the presence of nonmedical criteria such as socioeconomic or cultural factors in the selection of patients studied.1g-22 These unresolved issues are relevant to debates on the subject of premature or excessive deaths from heart disease among blacks. The following retrospective review from a single laboratory was undertaken because the predominant clinical experience was overwhelmingly black and contributed significantly to the number of black patients thus far reported. In addition, the results of this review may offer a clarification of the unlikely sources of bias inasmuch as it represents the selection and study of black patients by black and other minority physicians.
METHODS
Medical data base. Available cardiac catheterization reports for the years 1983 through 1990 were retrospectively reviewed at Howard University Hospital, a private university teaching hospital serving the Washington, D.C. metropolitan area. Census data indicate that the communities served by Howard University Hospital are approximately 25 c"o to 85 o/o black. Yearly hospital discharge rates have averaged more than 95% black since 1910. All cardiologists who use the Howard University Hospital catheterization laboratory are representatives of black or other minority groups. Reports from patients undergoing coronary angiography to exclude or confirm a diagnosis of coronary artery disease were screened. Use of the data collected was approved by the internal review board of the institution. Inpatient medical records were not used for this study, and therefore no socioeconomic or other discharge abstract data were available. Catheterization laboratory registers indicated that 3427 coronary angiograms were obtained during the 8-year period included in this study. Data from studies showing incomplete angiograms, significant or primary valvular disease, congenital heart disease, previous bypass surgery, all repeat studies, and repeat angiography performed for concomitant therapeutic interventions (195 angioplasties, 16 intracoronary thrombolyses) were excluded. No attempts were made to document or retrieve missing reports. Data were collected in coded form, tabulated, and entered into a computerized data base. Demographic information, patient histories, and hemodynamic data were taken exclusively and directly from the official reports. Mention of hypercholesterolemia, hypertriglyceridemia, or hyperlipidemia was included as a single variable under "lipid elevation." All other risk factors were tabulated as present if they were specifically mentioned in the dictated histories. These included hypertension, diabetes, smoking (ever), family history, history of myocardial infarction (remote or recent), congestive heart failure, and dyspnea or shortness of breath. Pain was coded as absent, typical, or atypical if specifically described as such. Patients with typical and atypical pain were regarded as typical. Risk factors not mentioned were regarded as absent. ECG findings of infarction or left ventricular hypertrophy were abstracted as dictated in the catheterization reports, and there were no separate reviews of ECGs. Absent ECG findings were coded as missing data.
Angiographic
definitions.
Angiographic descriptions of coronary lesions were regarded as positive for any stenosis of ~50%. If a range of stenosis was reported (e.g., 40% to 50%), the higher estimate was accepted. Variables were created for the left main, proximal left anterior descending, middle left anterior descending, any diagonal vessels, any circumflex, marginal, or ramus intermedius, and any right coronary artery or posterior descending artery. Single-vessel groups included any combination of left anterior descending and diagqnal vessels, ramus or marginal, and right or posterior descending arteries. Single-, double-, or triple-vessel disease, or their combinations with left main disease, was calculated as the sum of these anatomic "regions." Body mass indexes defined as weight (kilograms) divided by height (meters) squared were calculated from height and weight entries contained in catheterization reports. Ejection fractions that were reported as "normal" (approximately one fifth of patients) but not quantified were recorded as 50 % . All other continuous variables that were absent were treated as missing data.
Statistical
analysis.
Comparisons between patient groups (black men and black women) were made by means of unpaired two-tailed t tests for continuous variables. Tests for equality of variances were routinely performed before results of the appropriate t tests were reported. The frequency distributions of noncontinuous variables were compared by means of chi-square contingency tables.
To describe the relationship between coronary artery disease and a set of explanatory predictor variables (i.e., age, hypertension, diabetes, smoking, family history, or lipid levels), stepwise logistic regression analyses were performed by means of the LOGIST procedure.23 All odds ratios and results are reported from final models selected after backward elimination of independent variables. The univariate and multivariate statistical analyses reported in this article were performed with mainframe and PC versions of SAS software (Statistical Analysis System of SAS Institute, Inc.). Quantitative results are expressed as means + 1 standard deviation. p Values less than or equal to 0.05 were considered significant.
RESULTS
From a total data base population of 1623 patients, there were 1535 black patients including 751 men and 784 women. Tables I and II show that the men and women differed greatly with regard to risk factors and outcome variables. Black men were on average younger and less obese than black women. There was a significantly greater proportion of men with a smoking history and evidence of a previous myocardial infarction. Men did not differ from women with regard to family history, lipid abnormalities, dyspnea and shortness of breath, or congestive heart failure. Pain symptoms were significantly and differently apportioned, inasmuch as women had a greater prevalence of atypical pain syndromes. The women had significantly less coronary artery disease in all categories and a higher systolic blood pressure apd ejection fraction as measured in the catheterization laboratory.
Tables III and IV display differences within sex groups in patients with and without significant coronary artery disease. These univariate analyses show significant differences between men with and without coronary artery disease for the presence of diabetes, lipid abnormalities, previous infarctions, atypical pain, age, left ventricular end-diastolic pressure, and ejection fraction. There were no significant differences with regard to history of hypertension, smoking (ever), or congestive heart failure, whereas these variables were significantly different in black women with regard to coronary disease. Although body mass index was inconsequential in relation to coronary disease in men and women, there was a tendency for women with coronary disease to be less obese (p = 0.0595). Women also showed a correlation between increased systolic pressure (slightly elevated) and decreased diastolic pressure (normal range) with the presence of coronary disease. Table V shows that among patients with established coronary artery disease, the degree of involvement as measured by the number of vessels was not significantly different between men and women.
Stepwise logistic regression analyses were carried out to assess the relative explanatory value of variables predictive of coronary artery disease (at least one vessel with 150% stenosis) in black men and black women separately (Tables VI and VII) . Most notably these regressions confirmed the usual associations with standard risk factors for coronary disease except for a history of hypertension (or one of its sequelae, ECG evidence of left ventricular hypertrophy) in either sex. A history of smoking remained predictive in women only. Chest pain (unspecified) was more predictive in men than in women, but atypical pain syndromes were strongly negative predictors in both sexes. Previous myocardial infarction found on ECG increased the likelihood (odds ratio) of finding coronary disease in women more powerfully than all other factors. The next most powerful predictor was diabetes. The overall predictive values of these regression models were similar in both sexes but suggested greater sensitivity for applications in men (sensitivity 78 % , specificity 64 % , correct predictions 72 % ) and greater specificity in women (sensitivity 54 % , specificity 86 % , correct predictions 74%).
To reassess the importance of a history of hypertension in our black patients, logistic regression models that included central aortic systolic and diastolic pressure measurements, both with and without patient age, were fitted. This was done because of a possibly significant and confounding increase in the prevalence of essential hypertension with age and because centrally measured pressures during sedation and angiography might reflect vascular compliance. When age was deleted from these models, a history of hypertension did gain significance (p = 0.0492), but increasing systolic (p = 0.0004) and decreasing diastolic (p = 0.0005) pressures (the picture of vascular aging or decreased compliance) became more significant independent predictors (model sensitivity 77%) model specificity 66 % ).
The following three additional subgroups were studied: patients without a history of myocardial infarction, those without ECG evidence of infarction, and those without either. In all three groups stepwise logistic regression failed to show that history of hypertension was a significant independent predictor of coronary artery disease (sensitivity 72 '% to 79%) specificity 52 % to 61% ). Although men and women without a prior myocardial infarction had significantly different proportions with unspecified chest pain (females > males, p < 0.05) and coronary artery disease (males > females, p < 0.05), they did not differ with regard to atypical or typical angina. In addition, 23% of patients with a history of myocardial infarction did not have significant coronary artery disease and 17% of patients with ECG evidence of infarction did not have coronary artery disease. Among those with both a history of myocardial infarction and ECG evidence of infarction, 9% did not have coronary artery disease.
DISCUSSION
In this series of patients, descriptive and univariate analyses for risk factors of coronary artery disease have shown what may be regarded as typical findings in black patients. There is an overall lower incidence of detectable disease in comparison with findings in either contemporaneous or historical white series24 but a positive correlation between the standard risk factors and the presence of coronary artery disease. The lower prevalence of detectable disease is particularly striking, because any stenosis 150 % was considered significant. Although some have detected significant ethnic variations in susceptibility to various plasma lipid fractions,25 this could not be addressed in this retrospective review.
Coronary angiographic studies have not fully replicated population-based studies with regard to risk factors and markers for coronary artery disease; therefore angiographic comparisons of black and white ethnic groups may have questionable explanatory value. Furthermore, the entire Coronary Artery Surgery Study (CARS) registry contains only 573 black patients compared with 23,008 white patients.5 The small number of black patients also qualifies the findings and general applicability of most previous reports. In the CASS data analyzed by Maynard et a1.,5 black men, black women, and white women all had a greater prevalence of hypertension, diabetes, and congestive heart failure than white men but a lower prevalence of detectable coronary disease. It is noteworthy that white men in the CASS had the highest prevalence of typical angina, documented myocardial infarctions, and professional occupations. Black persons were significantly younger than their sex-matched white counterparts. Inasmuch as white men had the greatest prevalence of coronary artery disease in the CASS, we are tempted to conclude that there may be both sex-and race-specific differences affecting patient referrals for coronary arteriography. In reports that analyzed white patients only,26q 27 hypertension was an important risk marker only in women or it failed to achieve independent significance by multivariate analyses.28 The early report by Pearson et a1.2g found less coronary artery disease in blacks than whites but suggested that hypertension was a more important risk factor in blacks. The final analysis of their data in patients undergoing coronary arteriography (915 whites, 81 blacks) reported a correlation between hypertension and disease severity in both black and white patients.2 Logistic regression analysis involving 6316 white and only 278 black patients reported by Oberman and Cutter3 suggested that hypertension was correlated with advanced (i.e., two or more vessels) disease in white but not black persons. Their models did not include available cholesterol information, which could have altered the relative importance of independent predictors. The recent report by Simmons et a1.7 contained a much larger number of black patients (N = 1022), who were characterized as from a lower socioeconomic strata but with essentially the same findings. Although they reported a uniquely high incidence of triple-vessel disease among those with established coronary artery disease, this may be a variance resulting from their method of calculating multivessel disease (see Methods) . Categories of minimal disease should probably be differentiated from completely "normal" arteriograms by adopting a more continuous scale such as the "occlusion score" proposed by Rowe et a1.30 and modified by Freedman et a1.8 Freedman's study also found less coronary artery disease in black men (n = 169; 56 % with coronary artery disease) as compared with white men (n = 4722; 70% with coronary artery disease) undergoing coronary arteriography, despite an equal prevalence of hypertension (40 % vs 39 % ) and acute myocardial infarction (48 % vs 8% ), a significantly higher prevalence of diabetes in black patients (13 % vs 8% ), and similar median ages (54 years vs 55 years). Blacks also had more (78% vs 73%) chest pain overall than whites. may be considered a secondary method for analyzing risk factors for coronary artery disease or for extrapolating conclusions regarding the incidence or prevalence of disease in the general population.
The seeming superior sensitivity of predicting coronary disease in women and the greater specificity of predicting coronary disease in men that resulted from the regression models may indicate substantial sex differences in regard to how patients were selected for coronary angiography. For example, more men than women may have been referred for angiography after positive noninvasive testing, effecting a lower false positive outcome. There was also a significantly greater proportion of men with the strongest independent predictors of coronary artery disease (prior myocardial infarction based on history or ECG).
The overall results also suggest that a history of hypertension may be overrated as a risk marker for coronary artery disease in black patients undergoing coronary angiography and that in spite of the increased prevalence of hypertension in blacks, it is only a modestly causative factor in proximal coronary stenoses. Similar findings in patients with no prior history or ECG evidence of myocardial infarction add further weight to this suggestion. Such conclusions can only be regarded as tentative, given the retrospective nature of the study and the fact that there were no indications of the severity or duration of hypertension as estimated by onset of illness, medication history, or left ventricular mass measurements. The series of patients reported here from Howard These findings are not a refutation of the wealth of University Hospital adds additional weight to what data showing that hypertension results in a variety of severe structural and hemodynamic derangements and eventuates in the premature death of afflicted patients. It is likely that the effects of hypertension on the heart make it more susceptible to modest forms of coronary artery disease or other types of ischemia that cannot be detected by routine angiograpk. Tables VIII and IX display comparative findings from the largest series of black patients undergoing coronary angiography in comparison with data from white patients in the CASS. Although purely descriptive, the information suggests that in spite of an equal or greater prevalence of certain risk factors, blacks are less frequently found to have significant coronary artery disease. These studies are uniform in detecting smaller proportions of black patients who would normally be referred for angioplasty or bypass surgery. Numerous selection biases for coronary angiography may explain these apparent ethnic differences. Given the highly predictive power of a prior myocardial infarction in relation to the angiographic findings found in the Howard University Hospital data discussed previously, the greater frequency of prior myocardial infarction in white patients in the CASS (male and female) may be a partial reasonable explanation. The consistently larger female-to-male ratio within the black population as compared with white patients undergoing angiographic studies may reflect other medical and social phenomena that are not addressed in this report.
Other potential sources of error in this data set are numerous. Missing reports may contain an unknown biased subgroup. The reliance of an argument from silence to claim the absence of any particular risk factor should underestimate the true prevalence of risk factors. The presence of hypertension may represent a blending of mildly and severely affected persons. The printed catheterization reports from which the data were derived are the product of at least 15 different attending cardiologists and nonuniform methods of judging the degree of stenosis. Our somewhat liberal method of judging significant stenosis as 150 % , as employed by Oberman et a1.,3 should overestimate the severity of disease and makes the high negative coronary artery disease rate in our black patients more striking when compared with other reported series in whites. There are important and perhaps severe limitations in the general applicability of a retrospective study of angiographic findings in relation to risk factors.31, 32 The resulting misclassification of control subjects is lucidly explored by Sharrett et a1.32 and evokes caution in the interpretation of our results.
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